Sustainable Development Goals are the blueprint to achieve a better and more sustainable future for society. Its legacy is linked with the Millennium Development Goals, set up in 2000. A bibliometric analysis was conducted to 1) measure 'core' research output from 2000-2017, with the aim to map the global research of sustainability goals, 2) describe thematic specialization based on keywords cooccurrence analysis and strongest citation burst, 3) present a methodology to classify scientific output (based on an ad-hoc glossary) and assess SDGs interconnections.
Introduction

Increasing awareness-building in Sustainable Development Goals
Sustainable goals have emerged as a global strategy to solve critical world problems, as a result of a global environmental concern started in the 1970s. The origin of the Sustainable Development (SD) movement can be traced back to its most-recognized milestone in 1987: the definition of SD 1 in the Brundtland Report. Afterwards, different summits and conferences where held in which sustainability and SD were the core discussion (e.g., Earth Summit in Rio de Janeiro). In 2000, the Millennium Summit led to the Millennium Declaration with the creation of the eight Millennium Development Goals (MDGs)to be achieved by 2015. These goals tackled topics such as extreme poverty and hunger, child mortality or maternal health 2 . They represented an unprecedented effort to tackle the needs of the world's poorest countries. However, these goals have been criticized for not being adequately aligned 'with human rights standards and principles' (International Human Rights Instruments, 2008) , and because they were relevant and focused only on developing countries (Fukuda-Parr, 2016) . Another criticism of the MDGs is that they had unsuccessful effects in some regions like Africa (Easterly, 2009 ). However, although not all goals have been achieved by 2015, some progress has been acknowledged (United Nations, 2015a) . For instance, 'the number of people living in extreme poverty has declined by more than half since 1990 and the literacy rate among youth aged 15 to 24 has increased globally, from 83% in 1990 to 91% in 2015' (Ki-Moon, 2013) .
In 2012, the Conference Rio+20 adopted a ten-year plan called Agenda 2030 (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) for sustained economic growth, social development, and environmental protection (United Nations, 2015b) . As a result, they established 17 Sustainable Development Goals (SDGs) with their related indicators, with a deadline in 2030. The agenda has 169 targets and various indicators for monitoring their achievement. The topics of these goals cover five critical areas (the 5 P's): People, Planet, Prosperity, Peace, and Partnership (United Nations, 2015b) . The motto of these goals is 'no one left behind': that is, all countries need to be involved. Monitoring has also become a key issue for SDGs in comparison with MDGs and, since the launch of SDGs, an SDG Index 3 has been conducted with the aim to evaluate the achievement of each goal by countries. The index allows identifying priorities for action, support discussions, debates or identify gaps in the data. A preliminary set of 330 indicators was introduced in March 2015 (Hák, Janousková, & Moldan, 2016) , but only 232 indicators were adopted. Different from the MDGs, in which the indicators were decided on an internal basis, the SDG indicators are based on public consultation that was led by the Open Working Group established in 2013. Moreover, the indicators 'come from a mix of official and non-official data sources', subjected to an extensive and rigorous data validation process (e.g., the World Bank, the Organisation for Economic Cooperation and Development, among others) (Stiftung & SDSN, 2019) . The number of countries that participated in this monitoring platform has also increased over time: from 34 in 2015 in the first edition (Kroll, 2015) to 162 in 2019.
SDGs and their relation with HEIs and RCs
MDGs and SDGs appeared as a result of the interest and commitment of the different world countries towards sustained growth. As Caiado et al. (2018) stated, 'The SDG agenda calls for a global partnershipat all levelsbetween all countries and stakeholders who need to work together to achieve the goals and targets, including a broad spectrum of actions such as multinational businesses, local governments, regional and international bodies, and civil societal organizations'. In this regard, Higher Education Institutions (HEIs) and Research Centres (RCs) should play an active and central point in promoting and participating in these new goals. In the past, HEIs played a role in 'transforming societies and serving the greater public good, so there is a societal need for universities to assume responsibility for contributing to SD' (Waas et al., 2010) and 'they should be leaders in the search for solutions and alternatives to current environmental problems and agents of change' (Hesselbarth and Schaltegger, 2014) . For Bizerril et al. (2018) , the knowledge of sustainability in HEIs should be encouraged worldwide and especially those located in regions with serious social and environmental challenges. In this sense, researchers must discuss how to cooperate and to share knowledge for a sustainable society, and the network could respond to HEIs sustainability through cooperation. According to Lozano et al. (2015) , HEIs (and in extension, RCs) could tackle the SD by the following aspects: 1) Institutional framework (i.e., the HEIs commitment with policies); 2) Campus operations; 3) Education; 4) Research; 5) Outreach and collaboration (e.g., exchange programmes for students in the field of SD); 6) SD through on-campus experiences; 7) Assessment and reporting. Despite all these pillars, as Caeiro et al. (2013) study stated, only a few institutions follow a holistic implementation, in which SD is applied in all pillars via its inclusion in social, economic and environmental pillars.
As part of its contribution to the achievement of SDGs, research is one of the most relevant dimensions. According to Tatalović and Antony (2010) science did not factor strongly in discussions how to achieve the goals during the MDGs. Leal Filho et al. (2017) referring to SDGs as an opportunity for SD research and as a result to solve SDGs. For Leal , development goals are an opportunity to encourage sustainability research through interdisciplinary and transdisciplinary research. Several authors reaffirm the importance of research to achieve SDGs (Wuelser and Pohl, 2016) , namely as a way to solve concrete social problems, and science of sustainability could support the transaction for sustainability.
Bibliometrics is a research area focused on examining the scientific activity in a given subject area, institution, or country. Bibliometric analyses offer a powerful way to generate a global picture of research in a particular area. There are different bibliometric studies that analyze sustainability or SD (Pulgarin et al. 2005; Hassan, Haddawy and Zhu, 2014; Ramírez, 2016; ) or sustainability science (Kajikawa et al., 2014; Nučič, 2012; Schoolman et al., 2012) . Other studies focus on analyzing the output of sustainability in higher education (Bizerril, 2018; Veiga-Ávila et al., 2018; Alejandro Cruz et al., 2019; Hallinger and Chatpinyakoop, 2019) . However, few studies have specifically analyzed scientific output on SDGs. As a preliminary step for this study, Bautista-Puig and Mauleón (2019a) analyzed the core of scientific production on the MDGs and the SDGs (n=4,532) in addition to the interrelations between different SDGs. Nakamura (2019) analyzed 2,800 publications (with an expansion of 10,300), as well as its SDG topic map.
Regarding research output on SDGs at HEIs, the Aurora project 4 analyzes the scientific production through a bibliometric analysis.
Other studies analyze the interrelations among SDGs (Griggs et al., 2017 , Le Blanc, 2015 . However, to the best of our knowledge, no other study has approached the study of the SDG relation in scientific output from a bibliometric point of view.
Objectives
Bearing in mind the importance of SDGs, our main objective is to study the development of research in MDGs and SDGs (henceforth The rest of the article is organized as follows. Section 2 covers the research methodology. Section 3 introduces the main results and discussions, providing answers to the research questions. Finally, section 4 presents the main conclusions and suggestions for future research.
Method
The following methodological steps were followed: (i) Formulation of a search strategy to identify the core M&SDGs literature; (ii) Expansion of the dataset based on direct citations (cited and citing publications); (iii) Data collection and information processing; (iv) Development of bibliometric indicators.
In the first step, we designed a search strategy composed by M&SDGs keywords in title, abstract and keywords (author and paper keywords) 5 . The search strategy above was run in the in-house CWTS WoS database (from 2000 to 2017). A total of 4,685 publications were collected. These are considered as the core set of publications of this research. In a second step, the set of their direct citations (DC), considering both cited (n=59,180) and citing (n=74,859) publications were collected, resulting in a final set of distinct publications "M&SDGs Expansion" (n=129,379). In a following step, a total of 25,299 publications between 2000 and 2017 were considered, of which only publications with at least one affiliation of a HEIs or a RCs were finally selected (n=21,653) 6 , all restricted to the period 2000 to 2017 7 (Figure 1 ), conforming the final dataset of analysis ("Dataset of M&SDGs"). The harmonization of the affiliations was based in the in-house CWTS database (Waltman et al., 2012) . The first approach comprises research that is related to concepts, issues or ideas related to the SDGs but without necessarily a direct linkage to the M&SDGs core (e.g. an institution doing research related to malaria prior to the official launch of the SDGs). The second approach would consider research directly focusing on the concepts, issues or ideas of the M&SDGs. In this work we opt for using the second approach. Thus, we consider that research on M&SDGs is either mentioning the concept (i.e. core research) or at a minimum being cited by or citing the core research. As such, it can be argued that this work focuses on the 'discourse of sustainable goals', about how this topic has been constructed in the research by HEIs and RC, providing a focused view on scientific research with a stronger alignment with the M&SDGs philosophy and aims.
The following indicators were analyzed for the final dataset: -Cumulative Average Growth Rate (CAGR).
-Output by institutions and countries: absolute values and "Activity Index" (AI) of their M&SDGs research (Eq. A.1.). The AI was proposed by Frame (1977) and it is used to analyse the degree of relative specialization of an actor (institution or country) in a research field. The indicator represents the percentage of contribution of each country to the total WoS production compared to the percentage of contribution in the analyzed topic.
(ii) Subject specialization.
-Co-occurrence map 8 based on keywords using the VOSviewer tool 9 to identify thematic clusters within the scientific landscape.
Regarding the clustering, VOSviewer applies its own algorithm based on modularity optimization (Van Eck and Waltman, 2017). The following indicators has been analyzed: Burst is a concept associated with a change of a variable's value in a relatively short time. Those sudden increases in the usage frequency of keywords (i.e. burst strength) in order to determine the hotness of a topic were identified using Kleinberg's algorithm (Kleinberg, 2003) .
-Classification of the scientific production into the SDGs. In order to study the semantic relations between the different SDGs (in terms of SDGs sharing similar keywords across publications), the individual publications were classified into the different SDGs. To classify the publications into individual SDGS, an ad-hoc ontology (Bautista-Puig, 2019b) with 4,122 terms has been applied.
Publications were classified in different individual SDGs based on the linkage between the keywords in the publications and the ontology, allowing publications to be classified in more than one SDG when their keywords would point to different SDGs. A total of 20,749 (82.01%) publications were finally classified in at least one of the 17 SDGs. This includes keywords related to each SDG based on the United Nations-Description (e.g., 'poverty' was classified into 'SDG1-No poverty', 'sanitation' into 'SDG6clean water and sanitation') 10 , as well as a manual-supervision of the keywords located on the core and its consequent extension.
Results
In this section the main results of the paper are presented in relationship to the main research questions formulated above.
RQ1. How the research on M&SDGs carried out by HEIs has developed over time?
Research output and main actors
This section analyzes the research output collected, as well as the main actors and their specialization. Figure 2 presents the evolution of the scientific output of development goals produced by HEIs and RCs. During the period of study, 21,653 publications produced by HEIs and RCs were detected, which represent 85.59% of the publications retrieved by the search strategy in the same period (n = 25,299) ( Figure 2 ). Other types of organizations have participated in less than 7% of the publications (e.g. Hospitals appear as authors in 6%, Governmental organizations in just 3%). This reinforces the idea that HEIs and RCs play a key role in the production of M&SDGs scientific publications. This evolution shows a growing tendency, with an overall growth of 828.65% over the period and a CAGR of 14.01%. It is remarkable that since the launch of the SDGs in 2015, the scientific production represented more than 31.6% of the overall output, thus suggesting a strong concentration of output in M&SDGs in the period after 2015. A total of 1,968 organizations were identified in the affiliations of these publications. The most productive institution was the London School of Hygiene and Tropical Medicine, with 1,963 publications (9.07%), followed by the World Health Organization (WHO), with 1,675 (7.74%), Johns Hopkins University with 1,324 (6.11%) and Harvard University with 1,079 (4.98%). However, when looking at the six-year blocks as in Table A publications was 2,330 produced by 660 organizations identified. The most productive organizations in this period were the WHO, with 292 publications (12.53%), followed by the London School of Hygiene and Tropical Medicine with 272 (11.67%) and the Johns Hopkins University with 157 (6.74%). In the second period (2006) (2007) (2008) (2009) (2010) (2011) , a total of 6,671 publications were produced by 1,244 organizations. During this period, the London School of Hygiene and Tropical Medicine led the ranking with 682 publications (10.22%), followed by the WHO with 580 (8.69%) and the Johns Hopkins University with 439 (6.58%). In the third period (2012-2017), a total of 12,652 publications, produced by 1,744 organizations, were identified. The same ranking of organizations as in the previous period is also found: The London School of Hygiene and Tropical Medicine leads with 1,009 publications (7.98%), followed by the WHO with 803 publications (6.35%) and the Johns Hopkins University with 728 (5.75%). Among the more productive HEIs A map is drawn in order to show the geographical distribution of M&SDGs publications (Figure 4) . The most productive countries during the whole period were the United States (8,473 publications, 39.13%), followed by the United Kingdom (6,053 publications, 27.95%), Switzerland (2,232 publications, 10.31%), Australia (1,959 publications, 9.05%) and Canada (1,757 publications, 8.11%).By periods, in the first one (2000) (2001) (2002) (2003) (2004) (2005) at total of 67 countries produced at least one publication on M&SDGs research increasing to 86 countries in the second period, and to 95 countries in the third period, with the same set of countries mentioned above as the most productive in each period (Figure 4) . From the point of view of the specialization (measured by the AI), African and Asian countries exhibit a stronger specialization in M&SDGs research compared to countries from other regions. Uganda is leading the specialization in the whole period (29 publications and AI of 24% in the first period; 107 and AI 32.60 in the second period and 265 pubs and AI of 43.130 in the third period). In the first period (2000) (2001) (2002) (2003) (2004) (2005) also Tanzania (21 publications, AI=13.61), Bangladesh (n=34, AI=13.35), Pakistan (n=31, AI 6.9), South Africa (n=106, AI=4.20) and Switzerland (n=327, AI=3.60) stand out in specialization. In the second period, after Uganda, the following countries are found: Bangladesh (n=131, AI=25.53), Zimbabwe (n=34, AI=25.47), Ghana (n=55, AI=22.62), Jamaica (n=21, AI=18.47) and Tanzania (n=50, AI=16.16). In the third period, Rwanda is in the second position (n=50, AI=40.06), Ghana (n=215, AI=38.59), Mozambique (n=45, AI 31.46) and Ethiopia (n=149, AI 23.05). 
RQ2: What are the thematic relationships between SDGs?
Keyword co-occurrence analysis
To reveal the main topics of the M&SDGs research Figure 5 shows a keyword co-occurrence-based clustering 11 . Keywords (nodes) in VOSViewer maps are located in a way that the distance between them is related to their co-occurrence frequency. Terms located closely in the map means that they tend to appear together in the titles and abstracts of the papers, and therefore it can be argued that they are thematically connected. The following five clusters were identified: Cluster #1, with terms related to the millennium development goals inheritance and policy framework; Cluster #2 with terms about maternal mortality and care; Cluster #3 with terms related to the health systems ("diagnosis", "treatment"); Cluster #4 with terms about the African health ecosystem, and Cluster #5
including terms related to the developing countries landscape (health, community, water, and so on). Table 2 summarizes the main information of each cluster (number of nodes, core papers, average year, average links and the most frequent keywords). It can be observed that cluster 1 is the largest in terms of publications, followed by cluster 2. The number of links per paper (#linkavg) is higher in cluster #2 and cluster #3, both related to health issues, suggesting a stronger connection between these two clusters. In most clusters, the average year (#yearavg ) is 2012, suggesting that an important share of the output has been developed in the most recent years of the study, which is backed up by the growing M&SDGs output over time discussed above. The percentage of core publications (i.e. directly referring to M&SDGs) on each cluster are indicated in the column "% core papers", showing that clusters #1 and #2 (with 45.40% and 37.55% of core publications respectively), are clusters with a stronger conceptual proximity with the M&SDGs core ideas and aims, while the other clusters have a more indirect relationship with these core ideas. 
Burst analysis of keywords
In this section, burst detection for keywords in M&SDGs publications is performed in order to show what terms have more rapidly increased attention in citations accumulation. We have identified at least 60 different bursting keywords during the period. Table A.2 lists the 60 keywords with the strongest citation bursts, along with their strength and time span. The term "middle income country" has the strongest citation burst with a burst strength of 75.13, followed by "tuberculosis" with 66.52 and "maternal health" with 64.98. Some keywords have only been "bursting" at the very beginning of the period (e.g., "low birth weight", 2000 -2003 "economic growth", 2000 -2001 and "rural Bangladesh", 2000-2001) . However, in the more recent years, strongly bursting citation keywords include "newborn" (16.65, time span of 2015-2017), "middle income country" (75.13, 2014-2017), "maternal health" (64.98, 2014-2017) and "delivery" (36.38, 2014-2017) .
Individual SDGs analysis
Publication prevalence
The following SDGs were most prevalently represented in the publications ( Figure A1) Table 3 shows two different perspectives on the production of publications across continents related to their contribution to the research of each individual SDG. In the left table, the contribution of each continent to each SDGs is presented (i.e. it must be read row-wise); while the table on the right depicts the share of each continent across the different individual SDGs (i.e. it must be read column-wise). Publications are assigned to each continent based on the affiliation of the first-author of the paper. The results of the left table show that all goals have higher production in Europe and North America. Considering all M&SDGs research, it can be observed that in Europe the largest percentage of output is in SDG13: climate action (46.23%), followed by SDG12: Responsible consumption and production (44.85%) and SDG15: life on land (44.28%). In America, the largest is SDG2: zero hunger (37.60%), followed by SDG5: gender equality (15.50%), and SDG3: good health (13.32%). In Africa, the highest production is in SDG5: gender equality (15.50%); SDG4: quality education (14.27%); and SDG11, (13.73%). In Asia, it is in SDG17: partnership for the goals (13.97%); SDG4 (13.33%), and SDG5 (13.31%). Finally, in Oceania, the higher production of these institutions is in SDG13 (8.47%); SDG12 (7.24%) and SDG15 (6.81%). From a global perspective, if we consider the distribution of the publications on each goal by continent to determine their profile (Table 3 , right), the approach of the different SDGs exhibit more similar patterns, although some SDGs-such as good health (SDG3); peace, justice (SDG16); and reducing inequalities (SDG10)-stand out from the others. 
Geographic distribution
Cognitive relationships
Although the interlinked nature of SDGs has been stressed, their interactions are "not explicit in the description of the goals" (Griggs et al., 2017) . For instance, SDG11, sustainable cities, contains targets related to economic dimensions (e.g., financial and technical assistance for developed countries, expenditure on the conservation on cultural and natural heritage), social dimensions (e.g., number of deaths per disaster and urban population living in slums) or environmental dimensions (e.g., reduce the adverse environmental impact of cities per capita or the proportion of urban solid waste), and the three of them could be conceptually linked to other SDGs like for example SDG6, clean water and sanitation. In our study, to reveal their cognitive relations (measured via citations), a co-citation map has been created. The proximity between SDGs indicates their similarity in terms of co-citation occurrence (i.e., publications from the two SDGs appear often cited together in the same set of publications). The size of the nodes reflects the frequency of SDGs in terms of overall publications, and the thickness of the edges denotes how often these SDGs are co-cited. Figure 6a shows the SDGs map of the M&SDG research. The following clusters of SDGs are identified:
Cluster 1 (red) is formed by SDGs with a strong industrial and energy orientation (SDG6, SDG7 and SDG9), life below water (SDG14), and the environment (SDG15 and SDG14). Cluster 2 (blue) groups SDG1 and SDG2, two of the most important SDGs inheritance of MDGs. SDG1 is directly and indirectly related to all other SDGs, but dependent on SDG2 (International Council for Science, 2015).
Cluster 3 (yellow) includes SDG10, and SDG17, linking the reduction of inequalities and partnership
Cluster 4 (green) is composed by SDGs related with health, urbanization and peace (SDG3; SDG4; SDG 5; SDG11; and SDG16). For instance, SDG11 and SDG3 have a strong connection (link strength of 5,154).
Cluster 5 (purple) is composed only by SDG8, decent work. However, this goal has links with SDG9, industry-related, and SDG11, or SDG3, among others. 
Discussion and conclusions
The development of the different SDGs together with the Agenda 2030 have led to the creation of a collective awareness path towards sustainability. One of the main features of SDGs is their increasing relevance not only for policy makers, who are encouraging sustainability-oriented policies, but also for the scientific community as a whole (Kajikawa, 2007) . This study presents an empirical analysis of the M&SDGs research and the role of HEIs and RCs in its development. As we stated in the literature review, few studies have focused on analyzing the research output of SDGs, and even fewer have focused on the role of the organizations developing such research. Thus, this paper contributes to the debate around the incorporation of the M&SDGs in the research agenda of HEIs and RCs by providing an overview of output in the area, and by proposing a practical methodology to delineate this area in the WoS database.
How M&SDGs-research can be bibliometrically delineated and collected?
A well-delineated methodology is crucial to obtain the research dataset on a specific topic. In this study, we propose an advanced methodology to track and monitor SDGs-related research. The application of our methodology retrieved a total of 25,299 publications, which identifies a much larger set of publications of M&SDGs at HEIs than in similar previous studies (Bizerril, 2018; Veiga-Ávila et al., 2018; Hallinger and Chatpinyakoop, 2019) . The recent study by Nakamura (2019) used a very similar methodology as the one presented here, however we identified a larger set of publications related to the M&SDGs realm (4,685 in the core and 25,299 in total in the present study vs. the 2,800 in the core and 10,300 total in Nakamura study). The main reason for this difference is that in the present study the MDGs were also considered, as well as the fact that the CWTS WoS version has a more efficient citation matching algorithm than the one in WoS (Olensky, Schmidt and Van Eck, 2016) . The citation-based approach of this study, as well as in Nakamura (2019), offers some advantages in comparison with previous studies that applied keyword-based approaches (Kajikawa et al., 2017; Elsevier, 2015) . For instance, it offers a systematic approach that can easily be reproduced and can be applied to any other database that records citation linkages among publications (e.g. Web of Science, Scopus, Microsoft Academic Graph, Dimensions, Crossref Open Citations…), making possible to apply similar approaches in future studies. Another important advantage of this approach is that it focuses on identifying publications that are directly related to M&SDGs, since the selected publications have cited/citing relationship with core literature, thus minimizing the problem of identifying publications with keywords with more circumstantial relationships with M&SDGs topics (just because they carry related keywords), but that are not totally related to them (e.g. publications related to "economic growth", but not in the philosophy underlying the M&SDGsi.e. sustainable economic growth). Finally, the method developed has the advantage that it captures the research output at the global level, thus providing an international perspective on the discussion around the study of the research activity on M&SDGs; however in future studies other more local perspectives (e.g. the study of publications in local languages, local publishers) should be also explored.
How the M&SDGs research by HEIs has been developed over time?
The results presented in this study suggest that although one may presume that M&SDGs research would have a long tradition with the launch of the MDGs, there is an important concentration of publications in the most recent years, denoting a more recent interest (21.83%
in 2000-2014, the MDGs period vs 31.66% from 2015 to 2017 since the launch of the SDGs ). This growing trend is in line with the results by who observed that the scientific output on SD of 2015 to 2016 represents a 36.27% (vs 21.42% on M&SDGs in the present study). Kajikawa et al. (2007) have stated "around 12,000 papers on sustainability are published annually". There have been previous publications discussing the growth of the scientific production related with sustainability. For example, Pulgarín (2015) argued that the growth of research production in sustainability can be explained by "the impact of human activity on the environment" which "is leading to this area of research [sustainability] being studied from ever more different fields". consider that this increase could be also linked to "more efforts and resources" being devoted to this topic. For Nučič (2012) , the increasing growth of the scientific output could be associated with "sustainability science as a highly interdisciplinary research field". This is in line with Schoolman et al. (2012) , who indicated that "sustainability research is more interdisciplinary than other scientific research" (based on the Shannon entropy measure), supporting the suggestion by Nakamura (2019) that SDGs research is based on "transdisciplinary knowledge" between different fields, arguing that "most scientific disciplines are expected to contribute toward sustainability since in sustainability have complex structures, including environmental, technological, societal and economic facets" (Kajikawa et al. (2014) ).
In previous studies on M&SDGs the role of HEIs and RC hasn't been specifically analyzed (e.g. in Nakamura, 2019 This study confirms the observation by Yarime et al (2012) of an increasing number of countries engaged in research on sustainability. Our results also resonate with studies like Adomßent (2014) , who also stated that the HEIs sustainability research is mostly produced by authors from developed countries such as the USA, the United Kingdom, Australia, or Canada. However, in terms of relative specialization, our study shows that African and Asian countries exhibit a much stronger specialization. A special case is South Africa. This country is the sixth country in number of M&SDGs publications, and one of its universities (i.e. University of Cape Town) is the most prolific African institution in M&SDGs research. This 6 th position contrasts with the 113 th position (out of 162 countries) in the SDG index (Stiftung and SDSN, 2019) , which suggests that countries with stronger difficulties in improving their overall achievement of SDGs (as measured by the SDG index), may be prone to invest more research on SDGs. This strong relevance of SDGs research in the South African research context is somehow reinforced by the fact that South Africa is also a 'topic' by itself in M&SDGs research, since the name of the country appears as a node in the term co-occurrence map.
What are the thematic relationships between SDGs?
The SDGs more frequently addressed by HEIs and RCs are SDG3 (76.93% of the publications), SDG16 (56.19%), SDG11 (45.98%) and SDG10 (29.47%), which is in line with the higher percentage of overall HEIs and RCs involved on this research (Table A. 3.). Our results contrast with the results obtained by (Salvia et al., 2019) , who highlighted other SDGs to experts according to their experience and research area: SDG 13 (41%), SDG 11 (33%) and SDG 4 (29%). Salvia et al (2019) results were obtained by surveying expert across continents, therefore the methodology applied differs substantially from the one in this study. However, we still find a similar degree of activity for SDG11 in both studies.
As mentioned above, SDG3 (Good health) is the most researched SDG identified in our study, which is not a surprise since this SDG is centrally positioned in the Agenda 2030 (WHO, 2006) and has a central role in the achievement of SD (Pettigrew et al., 2015) . The major efforts on this specific SDG have been made to reduce mortality across population groups (e.g. 'the poor' or 'women and children') (Buse and Hawkes, 2015) . This central importance of "good health" is in line with a large number of health-related keywords obtained in this study. Besides, topics related to maternal or child mortality appear with a stronger recentness, which coincides with the SDGs launch.
Regarding the interconnection of SDGs, according to Nilsson (2016) , SDGs are more interconnected among themselves than its predecessors, the MDGs. This idea of SDGs interconnecting among themselves is supported by their consideration as "enablers for integration", which means that the internal structures of the different SDGs is conceived to fit across more different SDGs (Le Blanc, 2015) , thus enabling their own integration and interconnection. This integrative and interconnected property of SDGs is observed in this study, since all have connections among them, being particularly remarkable the connections between the following pairs: SDG16-SDG13; SDG3-SDG11; SDG16-SDG11. Moreover, the linkage between the pairs responds to complementary relationships. For instance, SDG10 and SDG17, linking the reduction of inequalities and partnerships, could be understood as that data should be collected of all groups of population and analysed in the disaggregated form to ensure targets are being met for everyone (International Council for Science, 2015).
Final remarks
This paper has provided an extensive analysis of M&SDGs research over time and contributes to understand their trajectory This paper confirms the central role of HEIs and RCs in M&SDGs research This study provides a novel contribution to the bibliometric analysis on the SDGs research output, although it also presents some limitations that must be observed when generalizing its findings. For instance, the methodology proposed may not necessarily capture the whole picture of research related to M&SDGs. The use of just direct citations related to a core set of publications may be insufficient at times, since many publications genuinely linked to M&SDGs research may be more distanced in their citation relationship with the core set. Thus, future methodological improvements should contemplate the possibility of characterizing not only the directly cited/citing publications related to M&SDGs, but also other citation layers (e.g. 2 nd , 3 rd or more) in the expansion of the core set of publications, thus moving towards a more fluid approach (in which a larger set of publications may be considered in their citation proximity to the core set) in contrast with the binary approach considered in this study. Moreover, future studies on the topic might be complemented by means of qualitative research methods to uncover motivations and drivers for research on SDGs in different contexts. The combination of bibliometric indicators with other monitoring indicators (e.g. the SDG index) should also be considered, in other to provide more advanced analysis about the relationship between the research efforts of countries (as done in this study) and their success in their actual achievement of the specific SDGs, thus providing a more holistic perspective on how research can complement and support the consecution of the Agenda 2030 of SDGs. 
